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Table 2-2-3. Biochemical characteristics useful for differentiation ofMicrococcus & 
l Staphyl ococcus 





























































































































































































































~' S O 













~ O '!~~ 
~:, 
~) ~' eS ~ 
'S 
e) O O 





cct ~ ce ~' c~S 
:!) 




c~l ~ (:) 
c~~ O ~ e,~ 
~: 
~:: 
~) ::~ HOo 
:$ ~ ~ O ICH IFcP O 
(~~ ~*c') 










~~ ~  
cl~ 
< 







































(~1 C~C~ r)(~~ 
c:~ vl~o (~ 












c:} O C~ ~~ -;~E~ ~~)e,2 c:;~)~; ~;~~)~)~) 
>~oo~c~ O~~~¥~ ~S~~~ sf ~ '~~C'~~ ~i 
r) o(~] ~r(~ 
















C:) -(e (,;~~~~ ~)~} 
e¥o~ O 
tn~~~~)C:) 






































O,r Lr)Otf)O cf~C¥1(~1,-~-~ 













c' o o 
~) oo > (¥1 't: 
cl)o 
~~l 






c~l o ~ 5:: eJ) O o c:3 ~:f O c:; ~ ~~ ::- CC{~ C;
c:l '-'1: ~; c'D ~ >1~ >~oe c~c~ v) ~:;.J~ (~i 
(L) oo ~t ~ :$ o '- b ~' H (L) ~* ~!H o ~'c') ce ~ ~ ~:~  ~ 
F:~ (~~ .~ ~J CXD O o ~~ (~1 : ~~ ~t ~c:i 
eJ) ::s c~ ~* ~ c'~ O '-( c~o C~ (~~ c:i cC) ~4: -cl~ (J C~ ~ c:i~^<:~ 
,-~ eO c~;~:)~oe p~~cl_o ~ ~1~- :~) ~) Q)c')~ c:) ~:: ~ ~~) r¥ ~'~:;~:1 c:~ ~::~~~) ~~ '- ~ ~' .cJ. fl~~c~l 5 .q:) ~ ~:~ 
~:::~:c:* O c:lc')~ : ~ ^~l ~s c:1~2_ > ~* 
o '~ c~h 
er)1:I (~,~~ 



































-~ ~) C~] ~ ~ cs i' ce o ~r af '-1 > ~-~ 
$~1 
t¥ ~ ~ O C~ O ~ S: ~O O o c~i .;:: (, ce f~1 o y::- CC) ~ / ~ c:$ (,~~ >1~ ~: c~3 ~ ~l~' c;~O )~oe 
Lr) ~) ~) (~i ~ ~ Ci ,_ c' OH ::s ~:' ~b cL) ~H ~* O ce~ ce ~ ce ~) ~' ~1 (~f .~ ~ ~t ~~¥ ~c:l s: :; eO c~:l c:S -'-4 ~ ~ O(~1 ~J) C~ ce O~ :~ C5 Cl) 
c~ 
'-1 O~:~ eJ)c~$-,-<Q)_¥~o 
~* ~~O ~ ~l'H~ ~) t¥ cL)~ ::o CJ s ~:: ~!) *~$~) ~:: ~) ~ '- ~ - .CJ ~1~~c~:; o .S ~ ~i~ 
O ;:;~~:C~ 
- [ c:s~~q)cl) ~~~~S ^ ~ ~ 
o (~'1' c~h 



































c~l (L) ~ 
~~ 
*H cs 





O . c~1 o ~ t¥ s:: c~) o c:I ~:s O c:t o P1 ~:~~ CCtO ' -~ (J c:s ~ ~ o~ e¥e 
v) ~ c~i o ~:: c!) o :; ~b ~:' ~) c~( ~' o c:lhc:l ~~ c')~~_ c~ ~) ~) - ~ ~J~ <:) (~f __ ~~*~ ~:1 ~~~~ ~ F:1 ~l~:~h c:; eJ) c~ ¥* ~ c(i O J) r~1 ce CC) 
~ - ~1: c~ (' c:3 c:~hO~; 
eJ) c:i~~0¥o p~ ~o ~~ ;~ ~J!1~- ~) ~)c:5c::o ~) ~::c'D CJ s ~'~:;~:i ~ c~~~) .  ~ ~' ~) r~~ c~ o '~ c~1 ~ 
~:;~~: ~ c:$~eQ) :: ~~ ~l ' s c:1~_ > ~::1~ 
o ecP' c~~ 
ec)~:) .:,~3 

















~~:oo ):~eo >:~oo >:~oo >~OO >:~oe O O O O O O  O  ¥  ~r (~1
Z 13JOIJOJOly~l 
































C{O '~ ;~1 ~Cn ~; 'C: ~; ~ cL)c:$ ~; I~:~~; .J o ~P :ee c:$ 
 
o .t~ Ln '~ ~(~1 c~ C' 1::s: c~ 5~ 
 
c:iO o ~lcS ~ ~'He)c:S~I ~: 
~' ~C~IOI O ce ~ ~ '~ ~ ~s ~!) ~:; ^ ~) c¥' ~J o ~~ ~3 1~ '~' c::~b ~:~~15 ~~c~$ S~1~; c~$ s:~ r~ c!) O ¥J ¥* P~ ~:S C'~(L) -a:1 c!) - ~ c:$ c:l ~(' - c:l ~~: C)J)~~~oo C~ OO ;~~ ~~ a"-1 ~) ~) c' c~ '- ~:' o F:~~ ~ ~:; Oc:$ q!)o '~ '~'H~'- c:3 ~i 
~:C)* 






OOOOO OOO >:~eo >~:eo >:~oo >:~oo ~~OO >:<00 '!)O'!)Or)OLr) c~ cr) c~] C¥~ ･-1 -~ 
~00 I/~uJ 
tr)OLr)Otf)O Lr) cf)cf)C~1(~1- -
o o o o o o  c  ~ ~r (~
~00 1 /:~Lu 
~ 13JO~OJOly~: 


































.~ e~ ~l~ ~ '~: (J ~ L)c:1 ~~ ,~:S~; ¥_! o ~p>~oe c:$ ~ ~ '::: r! ~ $:  ~c~] c:$ O ~ls: eo ~1 cso o H~:; r~(L) ~ ~h i~ ~:: o~ ~' o o_~ ~ ^ ~i ~ e') ~~ ~ ~) 
~J ~:1 ^ c~~ c~ 
~J * ~ ~i 'h* 1~~ ~~:~¥ ~1:c~o o ~sc:$ S~~_ c~s s::oo ~ ~~~ s:; c'~ oO~ ~) -CQ o o c:tc~l-[1 ^ ~~; ~)>:~ee c'2 oo ;:~ ~:I~i a!)'~' ~J ~L) CJ 






OOOOOOOO ~~OO Lr)O,f)Olf)Otr> cr)c~(~(~1-- O 
~00 1 /~ul 
Lr)O~r~Otf)OI!) cncf)(~1(~1--
~00 I/~uJ 
o¥o >~:oo >~OO ~:~oo ~:~oo O O O O O ~O ~r (~1
z*~ Jopo Jol y~: 
>:<00 
O O '-1 
~oo ~~:oo >:~oo ~:~oo o¥o O O O O O O ¥O ~r (~1
l 13JOpoJOly¥l 
OO (¥1 (J 'o 
C~ 
~~ cs T-1 ~' (¥~ ~~ pl ~ ~ 
~r ~S 1-$ ~~~~~ 
.~ 
~~: 






'~ P~ ~l~ ~3 '~~ (J ~ Q)a3 ~ .-.:~~ ._' o ~p>~oe c::1 
 
o ':~ Lr! ~ O 'H::lc~l 1:)1:: eJ~ 'HIO ~ ~i c~Io ho 
rf~e) ~H ~' ~; o~ ~'.~ ~ O c'~ ~ *^ ~ OO ~~ ~s 1:Ic~q ~)  ~!) o ~;.' ^ ~Jrl ~1c:1 *~ ~~:~¥ Hc)O r~ ~~c~$ ~ ( q (:) ~~~:s o 1~ ;:; op~ c'l) (L) CO o '~o c~ o~) [] a:;'-1 [] ~ ~r -a:l;::~7 T-1 c:t~ eJ)h~ >~oe 
~ (L)~ ~~ ~ r¥ $~ ~) '- ~l  c!) c:~~ (s Q c~ o '~) ~;~ - ~~ c:I ~tO~ 
O cL)a) o_1 (J 
'~ (')>1 
c:l 






































































































































































































































































































































































ble 3-1-2. 1 6S ribosomal RNA (1 6S rRNA) gene sequence homology ofStaphy'lococcus 
[ Micrococcus species obtained from DDBJ (DNA Data Bank of Japan) and compared 
h the straln B-7D-1 Isolated from iha-shiohara sample 
pecres Accession number Homolo Se 
yl os us 
'uccinus 
~quorum 
'al I inarum 
,ohnii 










































































































1 480 bp 




1 497 bp 
1 497 bp 
1473 bp 
1 480 bp 
1 480 bp 
1 497 bp 
1 480 bp 




1 549 bp 
1480 bp 
1 530 bp 
1480 bp 
1 549 bp 
1503 bp 
1 480 bp 
1 529 bp 
1480 bp 
1 524 bp 
1483 bp 
1 500 bp 

































15 16 bp 
1500 bp 
151 1 bp 
1509 bp 
1505 bp 
1 509 bp 
1483 bp 
1 502 bp 
1517 bp 
53 
Table 3 1-3. The number of strains isolated from ika-shiokara samples 
































total 85 98 88 

































[ CENETYX-HAC : Xultip~e Aliqn,aent] 
B-?D-l x/~osus D83374 
3 - ?D- l 
xyiasus DS3374 
B-7D-l xyl05us D83374 






























































































































































































































Fig. 3-1-2. 1 6S ribosomal Rj:NA ( 1 6S rRl:NA) gene sequence alignment of S. xy'losus 
and S. succinus obtained from DDBJ (DNA Data Bank of Japan) and compared with 
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Fig. 3-1-3. 1 6S ribosomal RNA (1 6S rRNA) gene sequence ali*･nrnent between 
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GPD Glucono -G!ucose-6-P ---~ Iactone-6-P ~ 
PGI 
 
Fructose - 6 - P 
(RPE) 
PFK 
Xyluiose - 5 - P 
Fructose - I ,6 - P2 l 
WrA 
FBA 
Dihydroxyacetone-P + Giyceraldehyde -3 - P 1¥¥¥// GAP TPI 1 
Glycerate - I ,3 - P 2 
J (PGK) 
Glycerate - 3 - P 
j (GPM) 
Glycerate - 2 - P 
l ENO 
pynJvate - enol - P 
J PYK 
P yruvate 
Gluconate - 6 - ~ ~ PGD CO 
Rlbulose - 5 - P 
(RPI)
Ribose - 5 - P 
Fig. 3-3-1. Schematic representation of glycolysis (EMP) and 
the pentose phosphate (HMP) pathway in Staphylococcus. 
Most of the enzyme reactions have been confirmed; those 
which are tentative are in parehtheses. Symbols: EMP en-
zymes: PTS, phosphotransferase system; PGI, phosphog-
lucose isom_erase; PFK, phosphofructosekinase; FBP, fruc-
tose-1,6-bisphosphatase; FBA, fructose-1,6-bisphosphate 
aldolase; TPI, triose-phosphate isomerase; GAP, glyceral-
dehyde-3-phosphate dehydrogenase; PGK, phosphoglycer-
ate kinase; GPM, phosphoglycerate mutase; ENO, enolase; 
PYK, pyruvate kinase. HMP enzymes: glucose-6-phosphate 
dehydrogenase; PGL, 6-phosphogluconolactonase; PGD, 6-
phosphogluconate dehydrogenase; RPE, ribulose-5-phos-
phate epimerase; RPI, ribose-5-phosphate isomerase; TK, 
transketolase; TA, transaldolase. 
(KloOS et at ., 1991) 70 
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Table 4-2-4. Changes in the organic acid contents, pH, and viable bacterial counts during the 
ripening process of iha-shiohora at 20' C 
O day 14 days 
lactic acid (mg/1 OOg) 
acetic acid (mg/1 OOg) 













luninoculated control sample. 
20n 100/0 NaCl TSB. 
Table 4-2-5. Changes in the organic acid contents, pH, and viable bacterial counts ofS. aureus in 
1 Oo/o NaCl TSB and iho-shiokara at 20' C 
1 O"/. NaCl TSB lha-shiohara 
O day 14 days O day 14 days 
lactic acid (mg/1 OOg or ml) 
acetic acid (mg/1 OOg or ml) 
other organic acids (mg/1 OOg or ml) 
pH 
10g CFU/g or ml'l 





































































































































Table 4-3-1. Changes in the staphyloccal enterotoxins (SEs), viable bacterial counts, and 
pH during the ripening process of iha-shiokara at 20' C 








' Ipositive control sarnple. 
20n MSEY Agar. 
'3< -7 ng/g. 
Table 4-3-2. Changes in the staphyloccal enterotoxins (SEs), viable bacterial counts, and 
pH ofS. aureus in iha-shiohora , 100/0 NaCl TSB at 20~ C, and TSB at 37' C 
lko-shiohara l 10'/* NaCl TSB l TSB l 
O day 14 days O day 14 days O day 1 day
SES (nglg or ml) 



















l inoculated with S. aureus . 
lon MSEY Agar. 
'2 
'3 < I ng/ml. 





























































































































Microbiological studies on the fermentation of ika-shiokara 
lha-shiolara, a representative fermented seafood using squid meat with its liver 
contents and salt, has a long history in Japan. Similar products, such as hapi, blachan, 
bagoong, nga-ngapi, etc., are also widely noted in China and Southeast Asia. Previously, 
the contribution of microorganisms and autolyiic eazymes existing in muscle or liver have 
been studied on the formation of free amino acids during the ripening process of iha-
shiohara samples containing I Oo/o NaCl with/without antibiotics, and the conclusion was 
that autolyiic enzymes played a major role, not microorganisms. However, the role of 
microorganisms existing in iha-shiohara has not been well elucidated so far. 
The aim of this study is to identify the dominant microflora based on biochemical 
characteristics and genetic characteristics of DNA base composition (Guanine-plus-
cyiosine [G + C] content) and 16S ribosomal RNA gene sequence, and then to define the 
role of the dominant microorganisms during the ripening process of traditional iha-
shiohara. Safety considerations with respect to bacterial food hygiene have been 
confirmed simultaneously. Some knowledge obtained in this study is explained as 
follows. 
Behavior of microorganisms during the ripening process of ika-shiokara 
After ripening, there were considerable amounts of organic acids accumulated in the 
iha-shiohara samples without antibiotic, and no marked accumulation of organic acid or 
particular odor in the samples with antibiotics. These results clearly show that the 
microorganisms played an important role during the ripening process of iha-shiokora on 
the forrnation of organic acids and particular odor. Moreover, various forming patterns 
of organic acids were observed among the different iha-shiohara samples. 
To evaluate the most accurate cultural method for differentiating the Gram-positive, 
catalase-positive cocci isolated from iha-shiohara samples, the type strains of 
Micrococcus (8 strains) and Staphylococcus (26 strains) were differentiated with 3 culture 
methods using furazolidone-peptone (FP) agar. Schleifer-Krarner (SK) agar, and 
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traditional oxidation-fermentation (O/F) test ofglucose. All ofthe type strains used were 
clearly differentiated on FP agar, and well differentiated on SK agar with a few exceptions, 
while only 46 o/o of Staphylococcus strains could be differentiated correctly on the O/F test. 
For obtaining accurate differentiation of isolates, 55 isolates were randomly selected from 
all of the 530 Gram-positive, catalase-positive cocci isolated from iha-shiohara samples 
and DNA base composition (mol GCo/o) was further examined. The results on the FP 
and SK agar exhibited 1000/0 similarity with the results obtained by mol GCo/o assay, while 
the O/F test exhibited only 240/0 similarity with them. These results confirmed that OIF 
test of glucose such as the Baird-Parker's method is a misleading method, which is still of 
relatively common use for differentiation of these two genera on microbiological study of 
iha-shiohara. 
Based on the differentiation method described above, Staphylococcus genus was 
found to be the dominant microorganisms throughout the ripening process of each iha-
shiohara sample. It was difficult to observe any correlation between the microflora at 
generic level and the accumulation of organic acids. 
Function ofdominant microorganismsfrom ika-shiokara 
16S ribosomal RNA (16S rRNA) gene sequences of Staphylococcus (35 species) 
and Micrococcus ( I O species) (data base obtained from DDBJ) were compared with that 
of the strain B-7D-1 isolated from ika-shiokara sample, and the homology of all of the 
Staphylococcus species of above 940/0 was obtained. In the I ,500 bp of 16S rRNA gene 
sequence, there were only a few different positions among them. Biochemical 
characterictics were performed for identification of dominant Staphylococcus species, and 
it was concluded that the dominant species and microflora varied markedly in different 
iha-shiohora samples. Among the dominant species, S. warneri and S. haemolyticus 
were positive for glucose fennentation while S. equorum, S. saprophyticus, and S. xylosus 
were negative or weak for glucose fermentation. S. aureus was not detected in the iho-
shiohara samples. 
With the culture of the representative strains and the type strain~ of S. xylosus. S. 
saprophyticus, S. equorum, S. warneri. S. haemolyticus, organic acid formation was 
studied. The formation abilities and kinds of organic acids varied depending on the 
species. The formation of acetic acid was large in a following orders: S. xylosus, S. 
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saprophyticus, S, equorum, S. warneri, S. haemolyticus. The forrnation oflactic acid was 
observed only with S. warneri, S. haemolyticus. 
There was a marked correlation between the accunrulation of organic acids and the 
changes in the microflora at the species level during the ripening process of iha-shiohara. 
Consequently, it was concluded that the accumulation and forming patterns of organic 
acids varied deponding on dominant species and changes in microflora. 
Safety considerations of ika-shiokara with respect to food pathogens 
To determinate the fates of food pathogens and E. coli in ika-shiohara, a culture of S. 
aureus, V. parahaemolyticus, C. botulinum, S. ty:phimunium, and E. coli was inoculated, 
respectively into I Oo/o NaCl TSB or GAM broth (for C. botulinum), and iha-shiohara. 
In broth experiments, C. botulinum vegetable cells, S. ~iPhimunium, and E. coli were 
gradually inactivated, yet S. aureus grew rapidly and V. parahaemolyticus remained 
constant till 1 4 days before a slight reduction. In iha-shiohara experiments, at the end of 
the fermentation (14 d), the population of S. aureus was similar to the initial level, and 
after 1 2 days, V. parahaemolyticus was not detectable. 
A total of 913 culture fluids of isolates and the 4 kinds of extract from the iha-
shiohara samples were investigated for their antimicrobial activity against S. aureus by a 
paper disk difftrsion method. There was no inhibitory effect of culture fluids of isolates 
or the extracts of ika-shiokara samples against S. aureus. The results suggest that S. 
aureus could survive during fermentation of ika-shiohara when present at the beginning, 
and continue to be a potential hazard. 
After incubation at 20'C for 14 days, no staphylococcal enterotoxin type A-D was 
detected in iha-shiohara samples inoculated with/without S. aureus, in which backgroud 
coagulase-nagetive Staphylococcus (CNS) reached 108 CFU/g. The same result was also 
observed in I Oo/o NaCl TSB inoculated with S. aureus, even though its viable counts 
reached I 08 CFU/g. 
Several species in the members of Staphylococcus possess lipolytic activity, 
proteolytic activity, nitrate reductase activity, catalase activity, which offers taste, flavor, 
texture, aroma and favorite coloring. Consequently, they have been widely used as 
starter cultures in fermented meat products. However, the lipase and esterase activity of 
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these dominant species (Talon and Montel, 1 997) might illustrate the formation of organic 
acids during the ripening process of iho-shiohora samples. Considering iha-shiohora as 
fermented protein foods, ripened by microorganisms such as fermented meat products etc., 
it is recommended to utilize some species possessing useful functions in iha-shiolalra 
during the ripening process instead of natural ripening by miscellaneous microorganisms 
which adhered to raw materials and manufacturing process. In this study, it was 
coaflrmed that the organic acids accumulation of iho-shiohora was influenced by the 
dominant microorganisms and the changes in microflora during the ripening process. 
For improving iho-shiolara quality, it might be proposed to utilize advantageous 
microorganisms under safety in order to form favorite organic acids like lactic acid etc. 
The results of the inoculation study of several food pathogens and E. coli suggest 
that the possibility that V parahaemolyticus, C. botulinum vegetable cells, S. typhimunium, 
and E. coli in traditional iko-shiohara survive at 20'C in ila-shiohora is low. S. aureus 
survived, but did not grow nor produce enterotoxin during the fermentation. These results 
confirmed the safety of traditional iko-shiohora with respect to food pathogenic bacteria. 
However, strict control of contarnination by S. aureus throughout the manufacturing 
process, especially in low-salted iha-shiokara, is necessary, because the organism 
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